31P nuclear magnetic resonance study of phosphoribosyldiphosphate and its interaction with magnesium ions.
31P NMR has been used to study phosphoribosyldiphosphate (P-Rib-PP) over a wide range of pH values, both in the absence and presence of MgCl2. In the absence of MgCl2, the chemical shift variations of the three 31P nuclei in the molecule, over the pH range 4 to 9, were found to be largest for the terminal 1-diphosphate (1P beta) oxyanion and the 5-phosphate (5P) moiety. Apparent pK alpha values of approximately 6.1 and 6.3 were estimated for protonation of the 1P beta and 5P groups, respectively. Variations in the apparent pK alpha values associated with 1P beta and 5P oxyanions in the presence of various concentrations of MgCl2 were consistent with P-Rib-PP having two independent metal ion binding sites with different affinities for Mg2+ ions. The binding of Mg2+ reduced the apparent pK alpha of the 1P beta moiety by approximately 1.6 units and the apparent pK alpha of the 5P group by approximately 0.7 unit. This behavior is analogous to the situation reported for the terminal phosphooxyanion of ADP and observed for the phosphate group of ribose 5-phosphate, respectively. In the presence of an equimolar concentration of added MgCl2, the 1P alpha and 1P beta resonances of P-Rib-PP were shifted downfield and the 31P-31P coupling constant was decreased. Changes in both these parameters were very similar to those reported for the MgADP- complex. The observed chemical shifts and spin-spin coupling constants suggest that the diphosphate and monophosphate moieties of P-Rib-PP act as independent binding sites for Mg2+ in a manner similar to the phosphooxyanion groups of ADP and ribose 5-phosphate, respectively.